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(57) ABSTRACT

An optical refraction barometer measures pressure based on
refractivity changes and includes: an optical light source; an
optical frequency controller; a first optical phase controller;
a first polarization controller; an electronic reference arm in
optical communication with the first polarization controller;
a second optical phase controller in optical communication
with the optical frequency controller; a second polarization
controller in optical communication with the second optical
phase controller; an electronic sample arm in optical com-
munication with the second polarization controller and in
electrical communication with the second optical phase
controller; a second sideband frequency generator; a mixer
in electrical communication with the detector and the second
sideband frequency generator; and a first sideband frequency
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generator in electrical communication with the mixer; and a
dual fixed length optical cavity refractometer.
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OPTICAL REFRACTION BAROMETER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 16/520,668, filed Jul. 24, 2019, which
claims priority to U.S. Provisional Patent Application No.
62/714,953, filed Aug. 6, 2018; U.S. patent application Ser.
No. 16/520,672, filed Jul. 24, 2019, which claims priority to
U.S. Provisional Patent Application No. 62/714,953, filed
Aug. 6, 2018; and U.S. patent application Ser. No. 16/520,
687, filed Jul. 24, 2019, which claims priority to U.S.
Provisional Patent Application No. 62/714,953, filed Aug. 6,
2018, the disclosures of each of which are incorporated
herein by reference in its entirety. This application also
claims priority to U.S. Provisional Patent Application No.
62/877,926, filed Jul. 24, 2019, the disclosure of which is
incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with United States Government
support from the National Institute of Standards and Tech-
nology (NIST), an agency of the United States Department
of Commerce. The Government has certain rights in the
invention. Licensing inquiries may be directed to the Tech-
nology Partnerships Office, NIST, Gaithersburg, Md.,
20899; voice (301) 301-975-2573: email tpo@nist.gov; ref-
erence NIST Docket Number 19-048CIP1.

BRIEF DESCRIPTION

Disclosed is an optical refraction barometer for measuring
pressure based on refractivity changes between a fixed
length optical reference cavity and a fixed length optical
sample cavity of a dual fixed length optical cavity refracto-
meter, the optical refraction barometer comprising: an opti-
cal light source that produces laser light; an optical fre-
quency controller in optical communication with the optical
light source and that: receives the laser light from the optical
light source; receives an optical feedback signal from an
electronic reference arm; and produces primary light from
the laser light based on the optical feedback signal; a first
optical phase controller in optical communication with the
optical frequency controller and that: receives the primary
light from the optical frequency controller; receives a ref-
erence phase control signal; and produces an input reference
light from the primary light based on the reference phase
control signal; a first polarization controller in optical com-
munication with the first optical phase controller and that:
receives the input reference light from the first optical phase
controller; communicates the input reference light to a dual
fixed length optical cavity refractometer; receives a output
reference light from the dual fixed length optical cavity
refractometer; and communicates the output reference light
to an electronic reference arm; the electronic reference arm
in optical communication with the first polarization control-
ler and that: receives the output reference light from the first
polarization controller; produces the reference phase control
signal from the output reference light and communicates the
reference phase control signal to the first optical phase
controller; produces the optical feedback signal and com-
municates the optical feedback signal to the optical fre-
quency controller and optionally communicates the optical
feedback signal to the optical light source; a second optical
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2

phase controller in optical communication with the optical
frequency controller and that: receives the primary light
from the optical frequency controller; receives a sample
phase control signal from an electronic sample arm; and
produces an input sample light from the primary light based
on the sample phase control signal; a second polarization
controller in optical communication with the second optical
phase controller and that: receives the input sample light
from the second optical phase controller; communicates the
input sample light to the dual fixed length optical cavity
refractometer; receives a output reference light from the dual
fixed length optical cavity refractometer; and communicates
the output reference light to the electronic sample arm; the
electronic sample arm in optical communication with the
second polarization controller and in electrical communica-
tion with the second optical phase controller, the electronic
sample arm comprising: a detector that receives the output
reference light from the second polarization controller and
produces a reference cavity signal from the output reference
light; a second sideband frequency generator that produces
a second sideband frequency; a mixer in electrical commu-
nication with the detector and the second sideband fre-
quency generator and that produces an error signal that
comprises the reference cavity signal and the second side-
band frequency; and a first sideband frequency generator in
electrical communication with the mixer and that receives
the error signal from the mixer and produces a first sideband
frequency from the error signal from which the sample
phase control signal is produced by the electronic sample
arm for communication to the second optical phase control-
ler; and the dual fixed length optical cavity refractometer
comprising: the fixed length optical reference cavity in
optical communication with the first polarization controller
and that: receives the input reference light from the first
polarization controller; propagates the input reference light
through fixed length optical reference cavity; and produces
the output reference light by reflecting input reference light
from a mirror disposed at a terminus of the fixed length
optical reference cavity disposed optically distal to the first
polarization controller; and the fixed length optical sample
cavity in optical communication with the second polariza-
tion controller and that: receives the input sample light from
the second polarization controller; propagates the input
sample light through the fixed length optical sample cavity;
and produces the output reference light by reflecting the
input sample light from a second mirror disposed at a
terminus of the fixed length optical sample cavity disposed
optically distal to the second polarization controller.
Disclosed is a process for measuring pressure based on
refractivity changes between the fixed length optical refer-
ence cavity and the fixed length optical sample cavity of the
dual fixed length optical cavity refractometer, the process
comprising: producing laser light by the optical light source;
receiving, by the optical frequency controller, the laser light
from the optical light source; receiving, by the optical
frequency controller, the optical feedback signal from the
electronic reference arm; producing, by the optical fre-
quency controller, the primary light from the laser light
based on the optical feedback signal; receiving, by the first
optical phase controller, the primary light from the optical
frequency controller; receiving, by the first optical phase
controller, the reference phase control signal; producing, by
the first optical phase controller, the input reference light
from the primary light based on the reference phase control
signal; receiving, by the first polarization controller, the
input reference light from the first optical phase controller;
communicating, by the first polarization controller, the input
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reference light to the dual fixed length optical cavity refrac-
tometer; receiving, by the first polarization controller, the
output reference light from the dual fixed length optical
cavity refractometer; communicating, by the first polariza-
tion controller, the output reference light to the electronic
reference arm; receiving, by the electronic reference arm,
the output reference light from the first polarization control-
ler; producing, by the electronic reference arm, the reference
phase control signal from the output reference light; com-
municating, by the electronic reference arm, the reference
phase control signal to the first optical phase controller;
producing, by the electronic reference arm, the optical
feedback signal; communicating, by the electronic reference
arm, the optical feedback signal to the optical frequency
controller; optionally communicating the optical feedback
signal to the optical light source from the electronic refer-
ence arm; receiving, by the second optical phase controller,
the primary light from the optical frequency controller;
receiving, by the second optical phase controller, the sample
phase control signal from the electronic sample arm; pro-
ducing, by the second optical phase controller, the input
sample light from the primary light based on the sample
phase control signal; receiving, by the second polarization
controller, the input sample light from the second optical
phase controller; communicating, by the second polarization
controller, the input sample light to the dual fixed length
optical cavity refractometer; receiving, by the second polar-
ization controller, an output reference light from the dual
fixed length optical cavity refractometer; communicating, by
the second polarization controller, the output reference light
to the electronic sample arm; receiving, by the detector of
the electronic sample arm, the output reference light from
the second polarization controller and producing the refer-
ence cavity signal from the output reference light; produc-
ing, by the second sideband frequency generator of the
electronic sample arm, the second sideband frequency; pro-
ducing, by the mixer of the electronic sample arm, the error
signal; receiving, by the first sideband frequency generator
of the electronic sample arm, the error signal and producing
the first sideband frequency 246 from the error signal;
producing, by the electronic sample arm, the sample phase
control signal from the first sideband frequency 246; com-
municating the sample phase control signal to the second
optical phase controller from the electronic sample arm;
receiving, by the fixed length optical reference cavity, the
input reference light from the first polarization controller;
propagating the input reference light through fixed length
optical reference cavity; producing, by the fixed length
optical reference cavity, the output reference light by reflect-
ing the input reference light from the mirror disposed at the
terminus of the fixed length optical reference cavity; receiv-
ing, by the fixed length optical sample cavity, the input
sample light from the second polarization controller; propa-
gating the input sample light through the fixed length optical
sample cavity; and producing, by the fixed length optical
sample cavity, the output reference light by reflecting the
input sample light from the second mirror disposed at the
terminus of the fixed length optical sample cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description should not be considered lim-
iting in any way. With reference to the accompanying
drawings, like elements are numbered alike.

FIG. 1 shows an optical refraction barometer;

FIG. 2 shows an optical refraction barometer to produce
dual sidebands;
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FIG. 3 shows an optical refraction barometer to produce
electronic sidebands;

FIG. 4 shows an optical refraction barometer;

FIG. 5 shows a dual fixed length optical cavity refracto-
meter;

FIG. 6 shows: in panel A, a graph of relative intensity
versus frequency for laser light transmission through refer-
ence cavity 202 with laser light 228 locked to a peak of the
transmission; and in panel B, transmission of light though
the sample cavity, wherein offset tuning frequency 243 is
applied to EOM 209 to tune a sideband into resonance with
the sample cavity. Some dashed lines show sidebands output
from EOM 209. Frequency 241 creates an error signal for
locking the laser to the offset sideband. Panel C shows a
dashed lines around laser light 228 that indicate sidebands
from frequency 241 applied to EOM 209 for dual sideband
production. For the electronic sideband production, these
sidebands are absent; and

FIG. 7 shows a graph of frequency versus time and a
graph of Allan deviation versus time.

DETAILED DESCRIPTION

A detailed description of one or more embodiments is
presented herein by way of exemplification and not limita-
tion.

Ithas been discovered that an optical refraction barometer
described herein measures refractivity-based pressure
changes using dual Fabry-Perot cavities with a single laser
and off-set sideband locking to one of the cavities. The
optical refraction barometer provides refractivity-based
pressure measurements performed to very high precision in
an absence of being tied to a mercury manometer. As a
result, the optical refraction barometer moves away from
traceability to the International System of Units (SI, abbre-
viated from the French Systéme international (d’unités)) via
mechanical measurements of pressure, wherein conven-
tional traceability to the SI involves a manometer based on
fluid density, local gravity, and column height or piston
gauge force per unit area. Advantageously, the optical
refraction barometer achieves traceability to the SI through
quantum mechanical aspects of photons interacting with a
gas. Quantum chemical determinate of the refractive index
of helium provides traceability to the SI sot that the optical
refraction barometer can be a quantum-based pressure stan-
dard with a dual fixed length optical cavity refractometer
that receives light from a single laser producing light that
can have a telecom wavelength. Beneficially, inclusion of
the single laser lowers cost compared to conventional
devices.

In an embodiment, the optical refraction barometer
includes offset sideband locking to the dual fixed length
optical cavity refractometer, wherein the laser light from the
single laser is split, and a portion of the laser light power is
used to stabilize the laser to a fixed length optical reference
cavity and another portion of the laser light power is coupled
to a broad bandwidth electro-optic modulator (EOM) that is
separately locked to a fixed length optical sample cavity of
the dual fixed length optical cavity refractometer. The EOM
in optical communication with the fixed length optical
sample cavity can be driven by an RF source at a frequency,
e.g., on the order of a gigahertz and a second frequency used
for an error signal such as a Pound-Drever-Hall (PDH) lock.
Dual-side band and electronic side-band production are
provided by the optical refraction barometer.

With the optical refraction barometer, a high-speed pho-
todiode measuring the beat frequency between the reference
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cavity and sample cavity is not used since the optical
refraction barometer directly determines the difference in
frequency with a counter. That is, instead of determining
pressure in the sample cavity from the beat note or frequency
difference between the reference cavity and the sample
cavity, the optical refraction barometer directly measures the
frequency difference by the tuning frequency input to the
EOM. It is contemplated that a high-performance micro-
wave synthesizer can be used to tune the EOM, or a
direct-digital-synthesis (DDS) device with fast analog con-
trol can be used to tune the EOM. A low bandwidth
correction signal maintains lock to the sample cavity
because the laser is pre-stabilized to the reference cavity. An
error signal from the sample cavity is digitized, and a low
bandwidth proportional-integral-derivative (PID) servo
directly feedbacks to the microwave synthesizer.

Optical refraction barometer 200 measures pressure based
on refractivity changes between fixed length optical refer-
ence cavity 202 and fixed length optical sample cavity 203
of dual fixed length optical cavity refractometer 201. In an
embodiment, with reference to FIG. 1, FIG. 2, FIG. 3, FIG.
4, and FIG. 5, optical refraction barometer 200 includes:
optical refraction barometer 200 for measuring pressure
based on refractivity changes between fixed length optical
reference cavity 202 and fixed length optical sample cavity
203 of dual fixed length optical cavity refractometer 201,
optical refraction barometer 200 including: optical light
source 251 that produces laser light 226; optical frequency
controller 227 in optical communication with optical light
source 251 and that: receives laser light 226 from optical
light source 251; receives optical feedback signal 229 from
electronic reference arm 235; and produces primary light
228 from laser light 226 based on optical feedback signal
229; first optical phase controller 230.1 in optical commu-
nication with optical frequency controller 227 and that:
receives primary light 228 from optical frequency controller
227; receives reference phase control signal 231; and pro-
duces input reference light 232 from primary light 228 based
on reference phase control signal 231; first polarization
controller 233.1 in optical communication with first optical
phase controller 230.1 and that: receives input reference
light 232 from first optical phase controller 230.1; commu-
nicates input reference light 232 to dual fixed length optical
cavity refractometer 201; receives output reference light 234
from dual fixed length optical cavity refractometer 201; and
communicates output reference light 234 to electronic ref-
erence arm 235; electronic reference arm 235 in optical
communication with first polarization controller 233.1 and
that: receives output reference light 234 from first polariza-
tion controller 233.1; produces reference phase control sig-
nal 231 from output reference light 234 and communicates
reference phase control signal 231 to first optical phase
controller 230.1; produces optical feedback signal 229 and
communicates optical feedback signal 229 to optical fre-
quency controller 227 and optionally communicates optical
feedback signal 229 to optical light source 251; second
optical phase controller 230.2 in optical communication
with optical frequency controller 227 and that: receives
primary light 228 from optical frequency controller 227,
receives sample phase control signal 237 from electronic
sample arm 240; and produces input sample light 238 from
primary light 228 based on sample phase control signal 237,
second polarization controller 233.2 in optical communica-
tion with second optical phase controller 230.2 and that:
receives input sample light 238 from second optical phase
controller 230.2; communicates input sample light 238 to
dual fixed length optical cavity refractometer 201; receives
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output reference light 239 from dual fixed length optical
cavity refractometer 201; and communicates output refer-
ence light 239 to electronic sample arm 240; electronic
sample arm 240 in optical communication with second
polarization controller 233.2 and in electrical communica-
tion with second optical phase controller 230.2, electronic
sample arm 240 including: detector 212 that receives output
reference light 239 from second polarization controller
233.2 and produces reference cavity signal 244 from output
reference light 239; second sideband frequency generator
241 that produces second sideband frequency 245; mixer
213 in electrical communication with detector 212 and
second sideband frequency generator 241 and that produces
error signal 242 that includes reference cavity signal 244 and
second sideband frequency 245; and first sideband fre-
quency generator 243 in electrical communication with
mixer 213 and that receives error signal 242 from mixer 213
and produces first sideband frequency 246 from error signal
242 from which sample phase control signal 237 is produced
by electronic sample arm 240 for communication to second
optical phase controller 230.2; and dual fixed length optical
cavity refractometer 201 including: fixed length optical
reference cavity 202 in optical communication with first
polarization controller 233.1 and that: receives input refer-
ence light 232 from first polarization controller 233.1;
propagates input reference light 232 through fixed length
optical reference cavity 202; and produces output reference
light 234 by reflecting input reference light 232 from a
mirror disposed at a terminus of fixed length optical refer-
ence cavity 202 disposed optically distal to first polarization
controller 233.1; and fixed length optical sample cavity 203
in optical communication with second polarization control-
ler 233.2 and that: receives input sample light 238 from
second polarization controller 233.2; propagates input
sample light 238 through fixed length optical sample cavity
203; and produces output reference light 239 by reflecting
input sample light 238 from a second mirror disposed at a
terminus of fixed length optical sample cavity 203 disposed
optically distal to second polarization controller 233.2.

In an embodiment, optical light source 251 includes laser
210 that produces laser light 226; and Faraday isolator 207
in optical communication with laser 210 and that commu-
nicates laser light 226 to optical frequency controller 227.

In an embodiment, optical frequency controller 227
includes voltage controlled oscillator 204 in electrical com-
munication with electronic reference arm 235 and that
receives optical feedback signal 229 from electronic refer-
ence arm 235 and that produces reference modulation fre-
quency 252 from optical feedback signal 229; acousto-optic
modulator 208 in electrical communication with voltage
controlled oscillator 204 and in optical communication with
optical light source 251 and that: receives reference modu-
lation frequency 252 from voltage controlled oscillator 204
and laser light 226 from optical light source 251; and
produces primary light 228 from modulation of laser light
226 at a modulation frequency controlled by reference
modulation frequency 252.

In an embodiment, optical frequency controller 227 fur-
ther includes wavelength detector 214 in optical communi-
cation with acousto-optic modulator 208 and that receives
primary light 228 from acousto-optic modulator 208 and
produces optical frequency counter signal 253 from primary
light 228.

In an embodiment, first optical phase controller 230.1
includes electro-optic modulator 209 in optical communi-
cation with optical frequency controller 227 and in electrical
communication with electronic reference arm 235 and that:
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receives primary light 228 from optical frequency controller
227, receives reference phase control signal 231 from elec-
tronic reference arm 235; and produces input reference light
232 from modulating primary light 228 at a modulation
frequency controlled by reference phase control signal 231.

In an embodiment, second optical phase controller 230.2
includes electro-optic modulator 209 in optical communi-
cation with optical frequency controller 227 and in electrical
communication with electronic sample arm 240 and that:
receives primary light 228 from optical frequency controller
227; receives sample phase control signal 237 from elec-
tronic sample arm 240; and produces input sample light 238
from modulating primary light 228 at a modulation fre-
quency controlled by sample phase control signal 237.

In an embodiment, first polarization controller 233.1
includes: polarizing beam splitter 215 in optical communi-
cation with first optical phase controller 230.1 and in elec-
trical communication with electronic reference arm 235 and
that: receives input reference light 232 from first optical
phase controller 230.1; communicates input reference light
232 to waveplate 216; receives output reference light 234
from waveplate 216; and communicates output reference
light 234 to electronic reference arm 235; and waveplate 216
in optical communication with polarizing beam splitter 215
and dual fixed length optical cavity refractometer 201 and
that: receives input reference light 232 from polarizing beam
splitter 215; receives output reference light 234 from fixed
length optical reference cavity 202; and communicates out-
put reference light 234 to polarizing beam splitter 215.

In an embodiment, second polarization controller 233.2
includes: polarizing beam splitter 215 in optical communi-
cation with second optical phase controller 230.2 and in
electrical communication with electronic sample arm 240
and that: receives input sample light 238 from second optical
phase controller 230.2; communicates input sample light
238 to waveplate 216; receives output reference light 239
from waveplate 216; and communicates output reference
light 239 to electronic sample arm 240; and waveplate 216
in optical communication with polarizing beam splitter 215
and dual fixed length optical cavity refractometer 201 and
that: receives input sample light 238 from polarizing beam
splitter 215; receives output reference light 239 from fixed
length optical sample cavity 203; and communicates output
reference light 239 to polarizing beam splitter 215.

In an embodiment, electronic sample arm 240 includes:
detector 212 in optical communication with second polar-
ization controller 233.2 and that: receives output reference
light 239 from second polarization controller 233.2; and
produces reference cavity signal 244 from output reference
light 239; second sideband frequency generator 241 that
produces second sideband frequency 245; mixer 213 in
electrical communication with detector 212 and second
sideband frequency generator 241 and that: receives refer-
ence cavity signal 244 from detector 212; receives second
sideband frequency 245 from second sideband frequency
generator 241; and produces error signal 242 that includes
reference cavity signal 244 and second sideband frequency
245; PID servo 205 in electrical communication with mixer
213 and that receives error signal 242 and produces servo
control signal 263 from error signal 242; first sideband
frequency generator 243 in electrical communication with
PID servo 205 and that receives servo control signal 263 and
produces first sideband frequency 246 from servo control
signal 263; and power combiner 222 in electrical commu-
nication with first sideband frequency generator 243 and
second sideband frequency generator 241 and that: receives
first sideband frequency 246 from first sideband frequency
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generator 243 and second sideband frequency 245 from
second sideband frequency generator 241; produces sample
phase control signal 237 from first sideband frequency 246
and second sideband frequency 245; and communicates
sample phase control signal 237 to second optical phase
controller 230.2.

In an embodiment, electronic sample arm 240 includes:
detector 212 in optical communication with second polar-
ization controller 233.2 and that: receives output reference
light 239 from second polarization controller 233.2; and
produces reference cavity signal 244 from output reference
light 239; second sideband frequency generator 241 that
produces second sideband frequency 245; mixer 213 in
electrical communication with detector 212 and second
sideband frequency generator 241 and that: receives refer-
ence cavity signal 244 from detector 212; receives second
sideband frequency 245 from second sideband frequency
generator 241; and produces error signal 242 that includes
reference cavity signal 244 and second sideband frequency
245; PID servo 205 in electrical communication with mixer
213 and that receives error signal 242 and produces servo
control signal 263 from error signal 242; first sideband
frequency generator 243 in electrical communication with
PID servo 205 and second sideband frequency generator 241
and that: receives servo control signal 263 from PID servo
205; receives second sideband frequency 245 from second
sideband frequency generator 241; and produces first side-
band frequency 246 from servo control signal 263 and
second sideband frequency 245; and directional coupler 211
in electrical communication with first sideband frequency
generator 243 and that: receives first sideband frequency 246
from first sideband frequency generator 243; produces
sample phase control signal 237 from first sideband fre-
quency 246; and communicates sample phase control signal
237 to second optical phase controller 230.2.

In an embodiment, electronic reference arm 235 includes:
detector 212 in optical communication with first polarization
controller 233.1 and that receives output reference light 234
from first polarization controller 233.1; and produces refer-
ence cavity signal 244 from output reference light 234; radio
frequency source 224 that produces reference phase control
signal 231; mixer 213 in electrical communication with
detector 212 and radio frequency source 224 and that:
receives reference cavity signal 244 from detector 212;
receives reference phase control signal 231 from radio
frequency source 224; and produces mixed reference signal
236 that includes reference cavity signal 244 and reference
phase control signal 231; and PIID servo 206 in electrical
communication with mixer 213 and that receives mixed
reference signal 236 and produces optical feedback signal
229 that is communicated to optical frequency controller
227 and optionally to optical light source 251.

In an embodiment, electronic reference arm 235 includes:
detector 212 in optical communication with first polarization
controller 233.1 and that receives output reference light 234
from first polarization controller 233.1; and produces refer-
ence cavity signal 244 from output reference light 234; radio
frequency source 224 that produces first reference phase
control signal 231.1; mixer 213 in electrical communication
with detector 212 and radio frequency source 224 and that:
receives reference cavity signal 244 from detector 212;
receives first reference phase control signal 231.1 from radio
frequency source 224; and produces mixed reference signal
236 that includes reference cavity signal 244 and first
reference phase control signal 231.1; PIID servo 206 in
electrical communication with mixer 213 and that receives
mixed reference signal 236 and produces optical feedback
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signal 229 that is communicated to optical frequency con-
troller 227 and optionally to optical light source 251; side-
band frequency source 225 in electrical communication with
radio frequency source 224 and PIID servo 206 and that:
receives first reference phase control signal 231.1 from radio
frequency source 224; receives optical feedback signal 229
from PIID servo 206; and produces second reference phase
control signal 231.2 from optical feedback signal 229 and
first reference phase control signal 231.1; directional coupler
211 in electrical communication with sideband frequency
source 225 and that: receives second reference phase control
signal 231.2 from sideband frequency source 225; produces
reference phase control signal 231 from second reference
phase control signal 231.2; and communicate reference
phase control signal 231 to first optical phase controller
230.1.

Components of optical refraction barometer 200 can be
made from and include various materials. It should be
appreciated that refraction of gases in dual cavities (202,
203) of dual fixed length optical cavity refractometer 201
interact with light so that pressure of sample gas 332 is
determined. In an embodiment, with reference to FIG. 5,
dual fixed length optical cavity refractometer 201 includes
fixed length optical reference cavity 202 that includes refrac-
tometer body 259; first mirror 218.1 disposed at entry end
257 of refractometer body 259; and first optical cavity optic
256.1 disposed at exit end 258 of refractometer body 259.
First mirror 218.1 is in optical communication and optically
opposes first optical cavity optic 256.1. Fixed length optical
reference cavity 202 receives reference gas 334 at first
pressure P1, receives input reference light 232, produces
output reference light 234 from reflection of a portion of
input reference light 232 by first optical cavity optic 256.1
and that is communicated through reference gas 334 in fixed
length optical reference cavity 202 to exit fixed length
optical reference cavity 202 at entry end 257 as output
reference light 234, and produces reference transmitted light
249 from communication of a portion of input reference
light 232 through first optical cavity optic 256.1 after
interaction with reference gas 334. Fixed length optical
sample cavity 203 includes second mirror 218.2 disposed at
entry end 257 of refractometer body 259; and second optical
cavity optic 256.2 disposed at exit end 258 of refractometer
body 259. Second mirror 218.2 is in optical communication
and optically opposes second optical cavity optic 256.2.
Fixed length optical sample cavity 203 receives sample gas
332 at second pressure P2, receives input sample light 238
at second mirror 218.2, communicates input sample light
238 through sample gas 332 from mirror 218.2 to optical
cavity optic 256.2, produces output sample light 239 from
reflection of a portion of input sample light 238 by optical
cavity optic 256.2 and that is communicated through sample
gas 332 in fixed length optical sample cavity 203 to exit
fixed length optical reference cavity 202 via mirror 218.2 as
output sample light 239, and produces sample transmitted
light 250 from communication of a portion of input sample
light 238 through optical cavity optic 256.2 after interaction
with sample gas 332. Gas source 330 is in fluid communi-
cation with fixed length optical sample cavity 203 and
provides sample gas 332 to fixed length optical sample
cavity 203. Second pump 314.2 is in fluid communication
with fixed length optical sample cavity 203 to pump sample
gas 332 from fixed length optical sample cavity 203. First
pump 314.1 is in fluid communication with fixed length
optical reference cavity 202 to obtain a selected pressure
thereof at first pressure P1 via pump stem 350 connected to
fixed length optical reference cavity 202, wherein wall 322
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of pump stem 350 bounds flow channel 324 through which
reference gas 334 flows to pump 314.1. Valves 328 throttle
and isolate gas source 330 and pump 314, and gas flows
through gas line 326.

In optical refraction barometer 200, laser 210 produces
laser light 226. Laser 210 can produce laser light that is
resonant or nearly resonant with or and can include a HeNe
laser, Ti:Sapphire laser, external-cavity diode laser, and the
like. Exemplary laser 210 includes an infrared external
cavity diode laser. Moreover, a laser linewidth can be
smaller than the free spectral range of cavity (202 or 203)
defined by cavity optic (218, 256). In an embodiment, laser
210 includes a HeNe laser and an infrared external cavity
diode laser.

Laser light 226 can include a single-frequency laser light
to probe resonances of cavity (202 or 203). Exemplary laser
light 226 includes light from a HeNe laser. A wavelength of
laser light 226 can be from UV to IR, specifically from 250
nm to 2 um, and more specifically can be a wavelength
defined by cavity optic (218 or 256). Moreover, a frequency
spectrum of laser light 226 can have a single frequency peak.
A power of laser light 226 can be from 1 uW to 1 W,
specifically from 10 uW to 100 mW, and more specifically
from 100 uW to 10 mW. When in optical communication
with cavity (202 or 203), the wavelength can correspond to
a transmitted wavelength of cavity (202 or 203) and a
linewidth smaller than that of cavity (202 of 203) defined by
cavity optics (218, 256). In an embodiment, laser light 226
have a wavelength of 1542 nm, 10 mW power, 2 kHz
linewidth, and similar properties.

In dual fixed length optical cavity refractometer 201,
Faraday isolator 207 can include an optic that prevents the
transmission of laser light 226 in one direction but not the
other, wherein Faraday isolator 207 selectively propagates
laser light 226 from laser 210 and isolates back reflection of
laser light 226 from optical frequency controller 227 to laser
210. Exemplary optical isolators are Faraday effect isolators.

In some embodiments, laser 210 receives optical feedback
signal 229.2, wherein optical feedback signal 229.2 controls
a wavelength of laser 210. An analogue voltage signal of
optical feedback signal 229.2 can be from -100 volts to 100
volts, specifically from 10 volts to 10 volt sand more
specifically from -1 volt to 1 volt. Further, optical feedback
signal 229.2 includes an analogue voltage signal that is
output from the PIID servo, in this case it is only the I or
integral component that slowly tunes the laser wavelength
using piezoelectric methods or thermal.

In optical refraction barometer 200, radio frequency oscil-
lator 204 provides a radio frequency that is rapidly tunable
for driving acousto-optic modulator 208. Radio frequency
oscillator 204 receives a feedback signal and outputs a radio
frequency for driving acoustic optical modulator 208. Radio
frequency oscillator 204 can include a voltage controlled
oscillator, direct digital synthesizer, function generator,
radio frequency synthesizer, and the like. Exemplary radio
frequency source 204 includes a voltage controlled oscillator
(VCO) that is in resonance with a fiber acoustic optic
modulator AOM, free space AOM, and the like. VCO can
have a peak operating frequency and a tuning range that is
a fraction of the peak operating frequency. Optical feedback
signal 229 can be from —100 volts to 100 volts, specifically
from 10 volts to 10 volts, and more specifically from 0 volts
to 17 volts. Further, optical feedback signal 229 is the
resulting output from the PIID servo controller. In an
embodiment, includes high bandwidth PIID servo controller.

Radio frequency oscillator 204 receives optical feedback
signal 229, wherein optical feedback signal 229 controls






